This paper presented the design of integrated open loop resonator bandpass filter with notch type antenna for the use in microwave applications. Chebyshev type filter is selected as the filter characteristics and cascaded design with the antenna to produce a single module, Integrated Filter Antenna (IFA). Special feature of the antenna is the implementation of notch on the patch antenna to improve the efficiency. IFA is then simulated in electromagnetic simulation tool, Agilent Advance Design System (ADS) version 2016 and measured using R&S Vector Network Analyzer. It shows that the proposed IFA produced good measured return loss >-30dB with both vertical and horizontal gain of 9.11dBi and 8.01dBi respectively.
Introduction
Antenna and filter are the two irreplaceable passive components in RF/microwave front end [1] . They are always treated as an individual research and mostly connected via transmission lines which might increase loss and circuit area. Integrating both antenna and filter into a single subsystem would solve the current problem involving, impedance mismatch, reducing both loss and the size thus enhancing overall performance of the system. Dealing with the impedance mismatches is one of the crucial concerns that all the designers should take seriously in designing integrated filter-antenna due to separate interconnection between them that will contribute to extra impedance transformation needed [2] .
Recent research shows that different researchers introduced different design and method on integrating filter and antenna. For example, the co-design approach is being presented in to achieve miniaturization, low cost and also providing high selectivity of signal in their proposed design [2] . Not only that, the cascaded approach or known as traditional method also still being used in integrating filter-antenna [3] . Thus, this paper briefly discuss the proposed design of integrated filter antenna (IFA) with the combination of open loop resonator bandpass filter and notch patch antenna, fabricated on 1.6μm FR4 substrate for microwave applications.
The Design of Integrated Filter Antenna 2.1 The Filter
Open loop resonator bandpass filter (OLRF) is used as the filter for the proposed design with the method of filter synthesis [4] . In this project, the OLRF with Chebyshev's characteristic is proposed because this type of filter form a smaller transition region than the same order of the Butterworth filter which is at the expenses of the ripples in its pass band and very efficient to minimize the height of the maximum ripple thus allows some ripple in the pass band and stop band, thus, stepper cut-off frequency will be realized. OLR is one examples of the compact and miniature filter. It is composed of a microstrip line that having both end loaded with folded open stubs. Folded arms of open stub is generally not only for increasing the loading capacitance to the ground, but it is also used for producing cross coupling. In facts, this kind of resonator filter is definitely differ from the miniaturized hairpin resonator especially in terms of their concepts and purposes. The researchers stated that the cross-coupled structure will helps to achieve high selectivity characteristics with transmission zeros. Thus, it can improve the skirt rejection of the microstrip filter. Besides, filter with high selectivity would give the best performance with minimum insertion loss. Figure 1 shows the example of the OLRF designed with asymmetric feed line [5] [6] . The equivalent circuit and lumped parameter circuit of OLR filter is shows in Figure 2 . The Lumped parameter circuit of OLR filter shows the combination of low-pass (resonator A) and high-pass (resonator B) into a single filter which is bandpass filter. Recently, the researcher proved that the asymmetric structure gets the better out of the band rejection as compared to the symmetric structure for the two open-loop ring resonators and BPF will change its characteristics to high frequency if the width ratio of the filter (W 1 /W 2 ) is decrease. Besides, by reducing the gap, (g) at the stub ended of the OLR, it will increase the coupling coefficient leading to narrow bandwidth. Besides, different position of the feed line also changed the filter's performance. Conventional filter suffered from high conductor loss and dielectric loss. To solve this, chamfered bend's structure is proposed in the filter as shown in Figure 4 to overcome discontinuities at microstrip bend that can contribute to error in phase and amplitude, thus decreasing the loss and increasing the performance of the design [7] . It is shown in [7] , the selected chamfered bend produces better return loss of 3.87dB at 2.31GHz compare to conventional chamfering as shown in Figure 3 . The radius of the proposed chamfer bend is measured to be three times larger than the width of the resonators and by assuming the effective radius to be R eff = R inner + 0.3W [8] . 1487 Figure 3 shows the simulated results of S 21 of the proposed OLRF with 3.971 dB. It proved that the insertion loss is reduced from -6.2149 dB to -3.971 dB due to chamfering and mitering techniques which helps to remove the excess capacitance at the corner of the bend. 
The antenna
Normally, designing compact and small size microstrip patch antenna will give the drawbacks of narrow bandwidth [9-10]. Hence, notch-cut antenna and its detail specification has been proposed as shown in Figure 6 . Table 1 shows the comparison of bandwidth between conventional antennas with notch-cut MPA. It proved that the bandwidth of notch-cut antenna is improved to 1.77% as compared to the conventional MPA. 
Integrated Filter Antenna (IFA)
The OLRF are integrated with Notch-Cut MPA to achieve miniaturization and enhancing the bandwidth performances. The 3D layout is constructed and fabricated on FR4 dielectric substrates as shown in Figure 7 . Bandwidth for this type integration method system is about 8.78% as calculated. It is increases compared to the bandwidth of the single Notch-Cut MPA. As the bandwidth become wider, it allows to have many frequencies drops within the bandwidth range. Therefore, the limitation of using microstrip patch antenna that having narrow bandwidth are being solved after the filter structure are integrated.
Measurements and Discussions
Both measured and simulated results are collected for the proposed Integrated Filter Antenna (IFA) using R&S Vector Network Analyzer and Electromagnetic Simulation Tools, Agilent Advanced Design System (ADS) 2006. From Figure 8 , the simulated return loss, S 11 falls at -23.441 dB thus showing that the impedance matching are good for the proposed IFA. Since the resonance frequency drops from 2.40 GHz to 2.30 GHz, it evidenced that the current path is longer due to the combination of notch-cut antenna and the OLRF [11] . Thus, the resonance frequency is reduced. Figure 9 shows the measured results for both return loss, S 11 and radiation pattern for the proposed IFA. It indicate both measured and simulated results falls at the same frequency of 2.36GHz with good impedance matching. Figure 9 shows both measured radiation pattern and gain for vertical gain of 9.11dBi and horizontal gain of 8.01dBi respectively. 
Conclusion
One of the biggest and challenging task for the designer is to have an ideal integrated filter antenna to achieve miniaturisation and compact subsystem that having low insertion loss, high gain and wider bandwidth. Thus, in this research project, the introduction of OLRF with chamfered bend, Notch-cut MPA as well as integration method of cascaded and co-design will helps to achieve the target. The goal of this project is to integrate the filter and antenna into a single subsystem at the frequency of 2.4 GHz. It also to improve the performance of the integrated filter antenna in terms of their bandwidth, S 11 return loss parameter, gain and directivity as well as their radiation efficiency are achieved.
It is a crucial issue for the filter design to have high insertion loss. Therefore, OLRF with chamfered bend is designed in this project using parametric studies and several parameters that have been optimized to achieve a filter that can operate at 2.4 GHz. The introduction to the chamfered bend will act to reduce the effect of the discontinuity and proficient to increase the 1491 performance of the filter itself before being integrated with the antenna. OLRF with chamfered bend give the excellent performance as the S 11 values slightly higher than the S 11 of the conventional filter. The low loss of the OLRF with chamfered bend specifies that the overall loss is small because it is near to 0 dB as being compared to conventional filter. In this research, microstrip patch antenna is used due to the fact that it has low cost, light weight and their nature of easy fabrication process. However, microstrip patch antenna suffers from narrow bandwidth. This problem cause a limitation on the performance of the microstrip. Therefore, notch-cut MPA is introduced. Notch-cut from the meandering techniques be able to enhance the bandwidth and reduced the resonance frequency in order to operate at 2.4 GHz. The bandwidth for the notch-cut antenna are increase compared to the conventional antenna. As for the gain, directivity and radiation efficiency, it shows that notch-cut antenna give the excellent performance.
With the emergences of the new technologies in communication, great demand of small size and light weight is increases. The integration between the filter and antenna are presented to have high performance of low insertion loss, low cost as well as to achieve the miniaturization. In this research, the analysis of cascaded and co-design integration method are being performed. Table 2 shows the summary of the performances for OLRF with chamfered bend, Notch-cut MPA as well as both integration method of cascaded and co-design in terms of S 11 , S 21 as well as its bandwidth. 
